The prehistory of Lower Kubia has traditionally been explained in terms of invasion, racial type, and racial admixture. Cultural and biological change during the late Pleistocene transition was thought to be primarily the result of admixture between two "pure" racial types, Caucasoids to the north and Negroids to the south (Morant, '25, '3.5; Burnor and Harris, '68; Crichton, '66; Billy, '75) . Similarly, biocultural change during the past 5,000 years was explained by the successive migration of alien peoples into Lower Nubia. These views notwithstanding, there is no substantial body of data to support either the "racial admixture hypothesis" of cultural and biological change during the late Paleolithic-Mesolithic or the "multiple-mi-496 DAVID S. CARLSON AND DENNIS P. VAN CERVEN Recent studies (Vagn Nielsen, '70; Carlson, '74a, b, '76a, b) emphasized the nature of craniofacial variation among indigenous Nubian populations over the past 5,000 years within an evolutionary framework. Carlson ('74a, b, '76a, b) showed that change in the form of the Nubian skull during this time can be accounted for by three relatively independent patterns of morphological variation. The major pattern of change resulted in a "rotation" of the cranial vault and face about the median cranial base such that the vault became relatively shorter, higher, and more anterosuperiorly located relative to the face. The midface and lower face underwent a concomitant change in position to become more inferoposteriorly located. Finally, the size and position of the muscles of mastication, as determined by their sites of bony attachment, underwent a reduction and re-orientation from the earlier groups through the later populations, causing change in the vault-face spatial relationship. The causal interrelationships of these three patterns of craniofacial change were not discussed. However, Carlson ('76a, b) hypothesized that the change in the masticatory complex was primarily due to alterations of masticatory function and related behavioral changes associated with a transition from a pre-agricultural hunting-gathering form of subsistence to a fully agricultural subsistence pattern. These working hypotheses were directed only at the potential selective factors acting on the phenotypic expression of craniofacial morphology in Nubia, and did not attempt to articulate progressive craniofacial change within a genetic model. Thus, emphasis was placed on the possible evolutionary determinants of such change. This conceptual framework permits insight into the evolutionary dynamics of biological and cultural variation within the Nubian corridor, a subject which has been unduly constrained by earlier racial interpretations.
Problem
The purpose of the present research is to extend the analysis of craniofacial variation and evolution in Lower Nuhia to the Nubian Mesolithic by comparing the Mesolithic population with later indigenous Nubian groups. The rationale for the research is 2-fold. (1) The relationships of the Nuhian Mesolithic population to more recent Nubian groups has received only limited treatment. (2) The previously stated hypotheses relating changes in masticatory function to relatively specific variation in craniofacial architecture can be further evaluated and refined using the Mesolithic sample. The remains analyzed in this study represent a temporal sequence from a hunting-gathering adaptation to an incipient agricultural adaptation followed by a fully agricultural adaptation.
Assuming the validity of the stated hypotheses, there should he two distinct results from this study: (a) an identifiable trend of craniofacial variation with the agricultural population at one extreme and the Mesolithic hunting-gathering population at the other; and (b) the morphological patterns associated with this trend should be noticeably similar to those previously suggested for the later Nubian populations (Carlson, '74a, b, '76a) .
MATERIALS
Craniometric data in this study were obtained from remains of three major cultural periods during Nubian prehistory.
The Mesolithic sample was excavated by the University of Colorado Nubian Expedition (1963 Expedition ( -1964 (1963) (1964) and Christian (550-1,100 AD.) horizons. The A-through The top number indicates the actual number of individuals classified into each population. The number in parentheses indicates the percentage of each sample classified into each of the three populations. All cases had equal prior probability of Grlonging to Parh of the threr wnples.
Degrees of freedom = 251.
' Chi-square = 749.04 (P < 0.01).
C-Group (A-C) represents, initially, a transition from a hunting-gathering subsistence to a primarily agricultural subsistence pattern and tribal organization (Adams, '70). ence and a state organization (Adams, '70).
Sample sizes for the A-C period and
MXCh period are relatively large. A total of 1,500 individuals from these two stages were recovered by the Scandinavian Expedition. Of these, 52 adult male and female crania were available for analysis from the A-C period and 188 were available from the MXCh period.
METHODS
Sixteen measurements of anteroposterior craniofacial dimensions were recorded for each complete skull using standard anthropometric techniques (table 1) . A-C and MXCh period crania were all complete. However the relatively poor condition of the Mesolithic sample precluded taking every measurement for each individual. The number of Mesolithic individuals for which each measurement was taken is listed in table 1.
Summary statistics were computed for each skeletal sample to demonstrate percentage change in craniofacial dimensions (table 1). All data were then subjected to a multiple discriminant analysis for further evaluation of temporal-morphological relationships. Missing values were not included in either computation.
KESULTS

Population diferentiation
The effectiveness of multiple discriminant analysis in separating the three populations is summarized in the discriminant classification matrix (table 2) . A total of 185 crania (73.4%) were correctly assigned to their respective populations on the basis of the 16 metric variables. The Mesolithic crania were totally separated from the A-C and MXCh populations, with considerable overlap between the latter two. Such overlap was expected, however, due to the close temporal proximity of A-C and MXCh groups as compared to the Mesolithic sample. Despite this overlap, the differences among all three samples were significant at the 99% confidence level.
Canonical tjariates
Close inspection of the discriminant functions, or canonical variates, provided much greater insight into the nature of the relationships between the three populations. Since the maximum valid number of canonical variates is one less than the number of populations, only the first two were analyzed. Examination of the eigenvalues and Chi-square for these two functions indicated that only the first function was statistically significant (P < 0.01).
The graphic representation of the group centroids about the first two axes for the three populations indicates that the first canonical axis effectively separates the three populations ( fig. 1 ). The first function was also most important in explaining the morphological variability between the three populations. It alone accounted for 85.3% of the variability. The amount of overlap between the two most recent populations along this axis is relatively extensive, and is consistent with the approximately 30% misclassification of individuals between these two groups.
A critically important feature of the first axis is that it orients the three popul a t-ions according to their relative temporal positions. A time scale artificially imposed on the first axis demonstrates this relationship even more fully. Figure 2 provides a graphic representation of this possibility. The distribution of individual discriminant scores (is) for the three populations shows an extensive overlap between the A-C and MXCh populations and a complete separation of the Mesolithic population. The center of the distribution, which approximates the group centroid on the first discriminant axis, can be plotted for each group. Assuming an approximate mean separation of 2,100 years between the A-C and MXCh populations, and a linear relationship hetween change in craniofacial morphology and time, it is possible to predict the location of the Mesolithic population along this axis. According to this approach the Mesolithic population would be given a mean date of approximately 9,000 R C -very close to the date suggested archaeologically. It is important to emphasize that this temporal projection is not proposed as a dating technique! There is no suggestion that change in the morphology of the skull has been linear with time, and the imposition of such a scale on the first canonical axis should be perceived only as a heuristic device to emphasize the apparent diachronic nature of this function. Howver, the first axis does represent craniofacial variability as a time related phenomenon between the Mesolithic period and the MXCh period. As hypothesized, these two populations occupy the extremes of the first variate, with the A-C population remaining intermediate but relatively closer to the MXCh population. Eight variables were judged to be substantially weighted and thus primary contributors to the first discriminant axis (table 3). All regions of the craniofacial complex were represented, although the most important variables were those that defined the size and shape of the mandible relative to the height of the face and vault.
The general pattern of craniofacial variation indicated by the first function can be outlined as follows. The size of the mandibular corpus, height of the ramus, length of the cranial vault and size of the origin of the masseter muscle all covaried together and in the same direction, i.e., metric variation in each of these areas tended to be associated with directionally similar variation in all. Three other variables defining the height and length of the face and vault also covaried together, but in an inverse relationship to mandibular size and shape, masseter origin length and vault length. In other words, any change in the first group of variables was associated with an opposite change in the latter group. For example, crania with relatively large mandibles also had a relatively large masseter and long cranial vault. Conversely, a skull with a relatively short, high vault also had a smaller mandible and a decreased size of the origin of the masseter muscle. Three distinct clusters of variables were apparent as they changed in dimension from the Mesolithic period ( fig. 3 ) . Four variables concerned with the relative height of the cranial vault and face were shown to increase over time (Cluster I: fig.  3 ). Another four variables, all concerned with masticatory robusticity, decreased greatly through time (Cluster 111: fig. 3 ) . The remaining eight variables, primarily concerned with craniofacial length and mandibular height, revealed very little change through time, although there was also a clear tendency for a slight decrease in size here (Cluster 11: fig. 3 ). Each cluster contained variables substantially weighted by the first discriminant function. Thus, the function did not simply describe the extreme differences between the groups, but provided insight into the most important variables as they covaried according to a particular pattern of variation through time.
In summary, the pattern of craniofacial change in the Nubian skull since the Mesolithic shows the following: (1) a clear trend over the past 12,000 years for a relative increase in height and decrease in length of the cranial vault; (2) a definite tendency for the midface and lower face to become more inferoposteriorly located relative to the anterior cranial vault; and (3) a distinct decrease in the robusticity of the entire craniofacial complex, especially in those features primarily associated with masticatory function.
These three trends since the Mesolithic are identical to those described in an earlier analysis of craniofacial change from the A-Group horizon through the Christian horizon (Carlson, '76a) , a period of approximately 5,000 years. This study thus reconfirms the trends, and suggests that change in craniofacial morphology since the Mesolithic in Nubia can be accounted for by the same patterns of variation.
Masticatory-functional hypothesis
It was suggested previously that change in masticatory function, leading to a relative decrease in the size and robusticity of the masticatory complex, was of primary importance in bringing about the changes in the cranial vault and facial complex noted above. Progressive decrease in the size and robusticity of the mandible and masticatory apparatus is the dominant feature in the transition from the Mesolithic period through the Christian horizon in Nubia. For example, nine of the 11 variables which decreased in size since the Mesolithic can be directly related to mas-ticatory function. Additionally, three of the six substantially weighted variables identified by the first discriminant axis are directly associated with the masticatory complex. Thus, the masticatory-functional hypothesis receives support from consideration of variables both on an individual basis and within the context of a multivariate analysis of all the craniofacial variables.
The hypothesis that change in masticatory function and diet was a primary factor in craniofacial evolution in Nubia is supported also by the dental evidence. Greene (Greene et al., '67; Greene and Scott, '73) hypothesized that the exceptionally large and morphologically complex dentition of the Nubian Mesolithic population was the result of strong selection for optimal resistance to the extreme attrition that results from a gritty diet and intense masticatory forces acting on the dentition. According to Greene and co-workers, dental change from the Mesolithic through relatively recent times can be explained by an increasing reliance on softer, more cariogenic foodstuffs. Thus, decreased masticatory forces and selection for more caries-resistant teeth resulted in a smaller and morphologically less complex dentition.
Emphasis on dental changes in Nubia over the past 12,000 years implies the primacy of these changes as a cause of morphological change in the skeletal component of the craniofacial complex as a whole. Systematic change in subsistence and diet undoubtedly brought about change in masticatory function, and Greene's hypothesis that this transition led to selection for morphologically less complex caries-resistant teeth is definitely a strong possibility. However, this hypothesis alone cannot account for dental size reduction within the Nubian population. Dental morphology is known to be under relative- A more inclusive approach to dental and skeletal change in Nubia should emphasize the interrelated nature of these three factors within the craniofacial complex. Considerable evidence from comparative studies and from the fossil record shows that the size and form of the maxillomandibular complex may have a major effect on the expression of dental size (Riesenfeld and Siegel, '70; Siegel, '72; Wolpoff, '75, '76).
Whereas the traditional view that dental size is a primary determinant of jaw size is still widely accepted, there is growing evidence that the converse is equally true, at least in terms of the evolution of the face and jaws. Several recent studies indicate that reduction in the size of the teeth during hominid evolution may be the result of These considerations suggest that progressive alteration of the Nubian craniofacial complex over the past 10,000 years is probably the result of two relatively independent processes. The first, involving selection for morphologically less complex caries-resistant teeth, resulted only in a change in the morphology of the dentition. The principal factor influencing craniofacial evolution in Nubia can be perceived most accurately with the masticatory-functional hypothesis. According to this interpretation, a shift in subsistence adaptation of the Nubian population through time resulted in a decrease in the functional demands placed on the masticatory complex, and this in turn brought about three related alterations of craniofacial morphology. These include, in order of importance: (1) a reduction in the size of the muscles of mastication and relatively more posterior sites of origin; (2) a reduction in the growth of the maxillomandibular complex, such that the midface and lower face came to occupy a more inferoposterior location relative to the cranial vault; (3) a change in the shape of the cranial vault compensato y to the maxillomandibular change, such that the vault became relatively shorter and higher (more "globular"); and (4) a compensatory reduction in the size of the teeth and associated alveolar region due to the reduced anteroposterior growth of the maxillomandibular complex. The craniofacial features associated with this transition are summarized schematically in figure 4.
There are a number of problems associated with the type of analysis where fossil and skeletal remains are called upon to "test" a hypothesis concerning evolutionary change. Secular or evolutionary modification of morphology, whatever the causative agent, is the direct result of progressive alteration of patterns of growth and development. As noted by Dahlberg, however: "it is not possible to discuss growth and development of fossil skulls or collections of skeletal materials, in the accepted sense. . . . Past elements of change leave records in bones and teeth, but do not afford the opportunit to observe ongoing process" ('65: p. 1517 .
Because of these and other limitations inherent in the analysis of fossil and skeletal remains from an evolutionary perspective ( e g , sampling), statements of probability for alternative evolutionary hypotheses are not possible. This does not mean, however, that such hypotheses are invalid or inappropriate. The primary value of the evolutionary hypothesis is to stimulate meaningful questions about evolution, not to provide the data for their proof. In fact, formulation and testing of hypotheses on the same body of data is obuiowly an exercise in tautoEogy. It is possible, however, to construct an evolutionary model based on the analysis of fossil and skeletal remains as a testable hypothesis. According to Wolpoff ('76), to maximize this approach it is necessary to observe at least three broad criteria: (1) detailed knowledge of the function of those characters which have undergone change; (2) detailed understanding of the ecology of the group(s) under analysis; and (3) a relatively large body of data from temporally distinct samples.
The present analysis of craniofacial change in Nubia should be viewed in light of the above comments. The masticatoryfunctional hypothesis is offered not only as a means of accounting for morphological change in Nubia, but also as an evolutionary model with more general implications. That this approach is warranted is demonstrated by the degree to which it meets the above criteria for the formulation of evolutionary hypotheses.
(1) The general interrelationships between the function of the masticatory complex and the form of the craniofacial complex are well known (e.g., Scott, '57; Endo, '65, '66; McNamara, '72; Moore and Lavelle, '74; Krogman, '76). Craniofacial change similar to that observed among the Nubians is a general trend seen in the evolution of the recent human skull. Furthermore, the view that such change is primarily related to a reduction in masticatory stress has widespread acceptance (e.g., Robinson, '54; Dahlberg, '65; Brace, '67; Wol off, '75).
(27 Extensive archaeology of the Lower Nile region has provided the most extensive and complete knowledge of prehistory and cultural ecology of any area in the world.
(3) The completeness of the archaeological record and the excellent preservation in Nubia have both contributed to the existence of relatively large and well-provenienced skeletal samples spanning the last 10-12,000 years of Nubian prehistory.
These results do not prove the mastica-tory-functional hypothesis. Given our present understanding of Nubian prehistory, however, the hypothesis adopted here may best account for the changes in Nubian craniofacial morphology and their ramifications in light of bio-cultural adaptation.
The masticatory-functional hypothesis thus stands as an evolutionary model with more general implications for the evolution of the hominid skull.
